their data are excluded as well. In thirteen patients with L5-S1 foraminal stenosis, a modified form of the current technique was used.
All patients had suffered disabling symptoms for a minimum of 6 weeks and had undergone at least 1 month of unsuccessful conservative treatment. Patient characteristics are summarized in Table 2 . The series was composed of 12 women and four men whose mean age was 57.6 years (range 37-73 years). All patients suffered unilateral radiating pain initiating on one side of their buttocks, which worsened when they were standing and walking. Lateral flexion toward the affected side with the patients standing especially aggravated their leg pain (a positive Kemp sign). Patients were most comfortable when lying semireclined with their hip and knee flexed on the affected side. In four patients who had undergone prior surgery at the same level, treatment of presenting symptoms in two (Cases 10 and 13) was classified as having failed. On examination, two patients exhibited definite motor weakness, and no neurological deficits were observed in 14. The mean duration of symptoms was 8.2 months (range 2-30 months). Preoperative imaging included plain lumbosacral radiography with flexion and extension views, as well as MR imaging. Plain radiography of the lumbosacral spine demonstrated severe narrowing of the disc space at L5-S1 and concomitant marginal osteophytes at the lateral and/or posterolateral corner on the side of the afflicted leg in all patients ( Fig. 1 upper left and center) . Eleven of the patients suffered degenerative scoliosis. In thirteen, the L-5 transverse processes had a rather large accessory process, or asymmetry, compromising the space even more. In every patient, sagittal MR imaging of the lateral spinal column demonstrated compression of a lumbar nerve root at the foraminal zone ( Fig. 1 upper right) and coronal MR imaging revealed compression at the extraforaminal zone ( Fig. 1 lower left and right) . All the stenotic lesions demonstrated on MR imaging were unilateral and were more frequent (81%) on the left.
In half the patients concomitant intraspinal or foraminal disease was present, and combined surgery was perfomed in these cases. Bilateral leg pain was present in two patients, although it was predominantly on the side of the stenotic lesions. The patient in Case 2 harbored a less symptomatic herniated nucleus pulposus at L4-5 on the nonafflicted side and the patient in Case 5 suffered from symptomatic spinal stenosis. Based on the MR imaging-derived diagnosis, three patients with less symptomatic spinal stenosis (Cases 1, 9, and 12) underwent a combined decompressive L4-5 laminotomy. There were two L3-4  4  2  6  L4-5  14  21  35  L5-S1  13  21  15  49  total  31  21  38   TABLE 2  Summary of clinical and radiological patients (Cases 13 and 15) with concurrent foraminal stenosis and one patient (Case 6) with far-lateral disc herniation at L4-5. All concurrent lumbar lesions at adjacent levels were surgically treated via a single midline skin incision, and the additional procedures are summarized in Table 2 .
Surgery and Postoperative Management
Following endotracheal intubation and induction of anesthesia, patients were positioned prone on gel bolsters. A skin incision was made in the posterolateral midline, approximately 5 to 7 cm in length and centered slightly more cephalad than the usual incision for a typical interspinal disc herniation. We prefer to perform surgery standing on the contralateral side of the nerve root compression. Subperiosteal muscle dissection was conducted laterally to the posterior aspect of the L5-S1 facet joint. The unilateral L-5 transverse process was also exposed. To facilitate proper exposure of the posterior surface of the involved lamina and transverse process, Karlin pronged blades were used, with the standard offset blade equipped with the Crank Frame Spinal Retractors (Codman Inc., Randolph, MA). Under an operating microscope, a high-speed cutting burr was used to unroof the lateral part of the pars interarticularis and the cephalad one-third portion of the L5-S1 facet (Figs. 2A, 3A and B). The medial part of the intertransverse ligament and the ligamentum flavum at the foramen were preserved and maintained intact until all drilling was complete. The cancellous portion of caudal quarter of the pedicle and the L-5 transverse process were removed using a high-speed diamond burr, extending anterior to the vertebral body and to the anterior cortical slope of the transverse process (Figs. 2B and 3C ). To visualize the L-5 nerve root as it passed through the extraforaminal zone, it was necessary to tilt the operating microscope by 10˚ and to tilt the operating table 10˚ away from the surgeon. A hand-held Caspar nerve root retractor (Aesculap Inc., South San Francisco, CA) was helpful in achieving further caudal and lateral exposure, which is usually limited when using self-retaining retractors because the iliac crest normally blocks lateral passage of their wider blades beyond the facet joint. After fenestrating the anterior cortex of the transverse process, the remaining osseous shell, which still comprised the cephalad boundary of the foraminal and extraforaminal exits, was then removed using a Kerrison rongeur, starting from the site of the fenestration.
The osseous shell of the caudal portion of pedicle was then fractured using a reverse curette. This provided 5 to 8 mm of space cephalad to the L-5 nerve root, which was then transposed into the drilled space previously occupied by the pedicle and transverse process. The caudal boundary of the exit could then be inspected. complete when the free passage of the nerve root and ganglion could be obtained and the spinal nerve could be traced anterolaterally beyond the sacral ala (Figs. 2C and  3D ). Postsurgical ambulation was encouraged on the 3rd or 4th day.
Assessment of Outcome
Recorded operative data included the type of procedure, duration of surgery, estimated blood loss, and the need for any blood transfusions. The postoperative stay, numbers of days until ambulation, and complications were reviewed. Serial postoperative neurological evaluation and pain medication consumption were recorded. The clinical charts and responses to a mailed questionnaire were used to assess outcome. In the questionnaire, patients described their low-back pain, leg pain, and motor and sensory dysfunction at that time, and they were asked to compare these results with their preoperative status. Functional capacity and occupational status were evaluated and compared using a modified Prolo Scale 9 based on the results of follow-up physical examinations and interviews. In cases of excellent outcomes, patients reported a significant subjective improvement in pain status, were participating fully in premorbid activities and/or working full time, and required minimal or no narcotic/analgesic medications. In cases of good outcomes, patients reported a subjective improvement in pain, had returned to work on a part-time basis, and/or had partially returned to premorbid activities and required reduced doses of narcotic and/or analgesic agents. In cases of fair outcomes, patients reported a mild improvement in pain status, a diminished degree of participation in premorbid and/or work activities, and no change in analgesic or narcotic use. In cases of poor outcome, patients expressed that pain status was unchanged or worse, did not participate in work and/or premorbid activities, and there was no change or increased usage of narcotic or analgesic substances.
Results
The mean operation time was 108.8 minutes (range 50-175 minutes). Increased operative time occurred in patients with large and low-lying transverse processes because of the limited space and their proximity to the nerve root, as well as in patients with concurrent intraspinal disease. Intraoperative estimated blood loss (range 40-160 ml), as expected, was also slightly higher in the patients in whom the transverse process was large (Fig. 4 ). There were no new neurological deficits after surgery, and no technique-associated complications, except for transient dysesthesia in two patients. No instances of nerve paresis or wound infection were identified. The mean duration of hospital stay was 8.7 days (range 7-11 days).
Overall outcome was excellent in nine patients and good in six. All patients experienced significant pain reduction following surgery. Relief from leg pain was immediate, complete, and long lasting. There was no case of recurrence in the presenting leg pain during the mean follow-up period of 38.3 months (range 14-70 months). Residual back discomfort was the main postoperative symptom in six patients, in five of whom there was a longstanding history of back pain. Only one patient (Case 3) required analgesic agents daily for her back pain at the time of follow up, four required occasional doses, and 11 patients required none. Success rates for alleviating lowback and leg pain were 75 and 100%, respectively. Improved in walking capacity occurred in all patients. All patients returned to their preoperative occupations or resumed their premorbid activities. All but one of the patients were subjectively satisfied with outcome at the last follow-up visit.
Discussion

Incidence of Extraforaminal L5-S1 Stenosis
Lateral root entrapment is a common feature of lumbar radicular symptomatology. The incidence of lateral root entrapment, including far-lateral disc herniation, has been reported to be 8 to 11%. 5, 8, 16 Although there is anatomical evidence that compression of the L-5 nerve root at the extraforaminal zone can occur, 10 it has not been known with certainty whether this compression actually contributes to radiculopathy or claudication. There have been many articles concerning the diagnosis and management of lumbar foraminal stenosis. 1, 4, 5 Little attention, however, has been paid to the occurrence and significance of extraforaminal stenosis. Before the MR imaging era, Wiltse, et al., 17 reported on 26 patients in whom surgery or computerized tomography scanning confirmed this lesion, but the authors provided no information on the base population. Fourteen of those patients, including three with isthmic spondylolisthesis, were described in detail, and 11 were classified as having the degenerative far-out syndrome in the L5-S1 region. Hashimoto, et al., 2 described nine patients with L5-S1 extraforaminal stenosis, and emphasized the diagnostic value of MR imaging in the coronal plane. Kunogi, et al., 4 reported on 12 patients with foraminal or extraforaminal nerve root compression due to lumbar spondylosis. These cases constituted 3.7% of all the lumbar degenerative disorders treated, and half of them developed at the L5-S1 level. In the present study of 825 patients with degenerative lumbar disease, standard lumbosacral radiography and MR imaging revealed extraforaminal compression of the L-5 nerve root in 21 patients (2.6%). This syndrome is unique in terms of the preponderance of female patients primarily with left-sided symptoms as well as the associated neurological and radiographic features. We believe that the traditional posture of sitting used by Korean women might be involved in the presentation of the syndrome.
Treatment for Extraforaminal Lumbosacral Stenosis
Level-dependent changes in the posterior arch cause a shift of the disc space distally relative to the facet joint, an increasing amount of bone to overlie the intervertebral foramen, and a restricted working space for the surgeon within the exposure in the caudal direction. 12 The operative window for the approach to a far-lateral area becomes gradually smaller from the L2-3 space to L5-S1 level because of anatomical factors. 10 In this regard, several authors have suggested that the paramedian transmuscular and tangential approach has a definite advantage at the L5-S1 level. 6, 10, 17 This approach is not familiar to many surgeons, however, and the dissection is tedious. Because the paraspinal muscles are split, the lack of anatomical landmarks and the greater distance to the foraminal outlet become major problems. 15 Lateral laminotomy with foraminotomy was first developed by Scoville 13 in 1965. Using this technique, many authors have reported the successful treatment of far-lateral disc herniations 7, 11 and nerve root entrapment due to foraminal stenosis. 1, 4, 5 In the concavity of a degenerative lumbar scoliotic curvature, where rotation and asymmetrical disc collapse can lead to reduced interpedicular height, partial excision of the pedicle has been performed by some surgeons to achieve adequate root decompression. 1, 3, 14 Because the cancellous core of the pedicle is continuous laterally into the transverse process, we believe that the lower part of the process can also be removed using a microdrill via the same cortical opening used for lateral laminotomy, thus allowing for an adequate decompression of extraforaminal stenosis.
Fortunately, a direct decompressive procedure alone is effective in most patients with foraminal stenosis. An indirect foraminal enlargement procedure or fusion, however, has been considered in a subset of patients with foraminal stenosis. We believe that this group of patients may have concomitant extraforaminal stenosis and thus may benefit from the aforedescribed microsurgical technique. In this approach, neither fusion nor distraction for the treatment of unilateral extraforaminal L5-S1 stenosis has been necessary in our patients. In cases involving concurrent intraspinal pathological entities above L5-S1, this midline approach has a definite advantage over the paraspinal approach for achieving a successful decompression in both lesions.
In this clinical series, in all the patients with an extraforaminal stenosis there was a significant concomitant foraminal narrowing. Therefore, if a patient is suffering unilateral leg pain and MR imaging-documented foraminal stenosis is demonstrated, the diagnosis and management of extraforaminal stenosis should be considered, especially if a large transverse process or laterally projecting osteophytes are present. Although the clinical significance of extraforaminal stenosis has not been well established and the primary aim of surgery must be to resolve the foraminal stenosis, a decision regarding further decompression at the site lateral to the foramen should be carefully made based on radiological and surgical findings. Our results in this study imply that extraforaminal L5-S1 stenosis is a relatively rare condition in clinical practice, but it is one that is responsive to decompressive surgery. The usefulness of this technique is clearly supported by both clinical results and radiographic and neuroimaging evidence.
Conclusions
Although extraforaminal L5-S1 stenosis is uncommon, this entity should be included in the differential diagnosis of lumbar radicular pain, and surgery is often indicated. Partial removal of the pedicle and the transverse process is an effective means of decompression that can provide significant pain relief. Our microsurgical modification thus allows the surgeon to decompress the nerve easily and still preserve spinal stability.
